INTRODUCTION
Palcomagnetism can provide estimates of the palcolatitude at which rocks formed. The shallower the inclination I•t of natural remanence relative to bedding, the lower the palcolatitude L, as given by 1 L = tan-' ( '5 tan l•v ).
(1) Equation (1) assumes that l•t is the same as the inclination I of the Earth's magnetic field when the rock formed. However, for sediments, l•t may be less than I for reasons reviewed by Verosub [1977] . For example, remanence acquired along the Earth's magnetic field at deposition may be deflected to shallower inclination when burial compacts the sediments. Such inclination shallowing will cause underestimation of palcolatitude.
The theory of compaction-induced inclination shallowing is discussed by Blow and Hamilton [1978] , Anson and Kodama [1987] , and Arason and Levi [1990a] . Such inclination shallowing has been observed in laboratory compaction of clay-rich sediments [e.g., Blow and We set out to measure the ARM anisotropy of some of these rocks studied by Gordon [1990] and Tarduno [1990] to further test whether inclination shallowing was compaction-induced. If it was, the ARM anisotropy should be foliated in the bedding plane [McCabe et al., 1985] . Also, we were searching [Bijaksana and Hodych, 1992 ] for a correlation between inclination shallowing and ARM anisotropy, since both were enhanced by compaction in the experiments of Kodama and Sun [1990] . We hoped that such a correlation would help us use ARM anisotropy to detect inclination shallowing in other sedimentary rocks. Indeed, Jackson et al. [1991] and Collombat et al. [1990] have suggested that ARM anisotropy can be used to detect and correct inclination shallowing. However, there are possible difficulties. For example, equidimensional magnetic grains may contribute to inclination shallowing (as discussed theoretically by Arason and Levi [1990a] ) without contributing to ARM anisotropy.
DESCRIPTION OF SPECIMENS

Sampling
We measured 36 sedimentary rock specimens of Cretaceous age from five equatorial DSDP sites in the Pacific plate (Figure 1) . Each of these sites shows inclination shallowing according to Tarduno [1990] (Table 1) .
Our specimens were oriented cylinders of 19 mm diameter and 19 mm length which we drilled from the original 62 mm diameter DSDP cores. The horizontal plane was marked on each specimen assuming that the original DSDP drill holes were vertical. The true azimuth of our specimens, like that of the original DSDP cores, was unknown. Each specimen is assigned a number such as 167-62-4-64 (Table 2) , which indicates that the specimen is from DSDP site 167, core 62, section 4 at a depth of 64 cm in that section.
Composition
Our specimens are all very fine-grained and light in color (white to gray). No sedimentary structures were visible except in 14 specimens (indicated by an asterisk in Table 2 ) which appear to be bioturbated (they are mottled probably because of burrows deformed by compaction). The specimens are all well lithified but porous.
X ray diffraction was used to identify the minerals in each specimen and to semiquantitatively estimate their relative proportions. For a small powdered sample of each specimen, intensity of diffracted radiation was plotted against 20 (twice the diffraction angle) as 20 was varied from 3 ø to 60 ø. A Rigaku RU200 diffractometer with a copper X'ray tube was used. The only minerals detected in large amounts were calcite and quartz. (Significant clay minerals were detected only in specimens 462-55-3-29 and 462-55-3-132.) The proportion of calcite in each specimen was estimated from the area under the 29.7 ø 20 calcite peak multiplied by 1.65, and the proportion of quartz was estimated from the area under the 26.7 ø 20 quartz peak. (Areas were approximated by multiplying peak height by width at half height.) The semiquantitative estimates of calcite content are listed in Table 2 . Almost all specimens can be termed limestones (more than half calcite according to Reijers and HsE [1986] ). Only specimen 315A-26-2-123 can confidently be termed a claystone (dominated by siliciclastic grains, more than two thirds of which are < 4 #m in diameter according to Stow and Piper [1984] 
ESTIMATION OF INCLINATION SHALLOWING
The natural remanence of each specimen was measured using a superconducting magnetometer (CTF Systems Inc., Port Coquitlam, British Columbia). Change in remanence was monitored during stepwise alternating field (AF) demagnetization applied with a Schonstedt model GDS-1 demagnetizer. Demagnetization steps of 2.5 mT were used up to 20 mT; these were followed by steps of 5 mT up to Eight of the specimens (at least one per site) were viewed at fight angles to bedding, using a scanning electron microscope with semiquantitative analysis capability. The calcite was commonly found to be in grains a few microns across. Some of these grains were obviously coccolith fragments, and presumably most if not all of the calcite is of biogenic origin. Quartz was in angular grains, presumably of terrestrial origin. No iron oxide grains were identified. No overall preferred orientation of calcite grains was noticeable even in a sample like 315A-21-2-11 with high ARM anisotropy (Figure 2 ).
Porosity, Density and Compaction
The fractional porosity • was measured for most specimens (Table 2) using a pycnometer (Beckman model 930). This forced air at 2 atm pressure into the pores of the airdried specimens.
The density p of each air-dried specimen was also measured (from mass and volume) to check the reliability of the porosity measurements. The density of a dry rock with grains of density ps should be given [Hamilton, 1976] by were determined using least squares fitting on vector plots (following Kirschvink [1980] Gordon [1990] 
163].
As can be seen in Table 1 , our mean /Xl for each site agrees (within its 95 % confidence interval) with that of Tarduno [1990] , which was based on many more specimens. This shows that our specimens, although few in number, have inclination errors that are reasonably representative of their sites.
MEASUREMENT OF MAGNETIC ANISOTROPY
ARM Anisotropy of the Limestones
Our procedure in ARM anisotropy measurements was similar to that of McCabe et al. [1985] . After AF demagneffzing in at least 70 mT, the specimen was given an ARM by coaxially applying a constant biasing field of 0.2 mT and an alternating field of 70 mT peak strength, which was slowly reduced to zero. The resulting ARM intensity was measured and averaged with an ARM given in the same way in the opposite direction. This was repeated for the nine axes recommended by Girdler [ 1961] .
Stephenson and Potter [1989] warned that gyromagnetic remanence may be produced along with ARM in anisotropic rocks with magnetite grains in the 0.1 to 10/•m size range. Such grains are probably common in our specimens. However, because our specimens have little anisotropy in the bedding plane, gyromagnetic remanence should be produced perpendicular to the AF axis and should not affect our ARM measurements, since they are always made parallel to the AF axis. We tested this for two of our most anisotropic specimens (315A-21-5-8 and 316-23-3-107). We applied 70 mT AF to an axis in the specimen (after tumble demagnetization in 80mT AF) and then measured the magnetization along that axis. This was repeated for the nine axes used in ARM anisotropy determination. Any gyromagnetic remanence produced was always less than 0.6 % of the ARM in the anisotropy determination and could be neglected. Following McCabe et al. [1985] , ARM anisotropy was treated as a second-rank tensor (like susceptibility anisotropy). The ARM data were used to determine the least squares fit anisotropy tensor [Girdler, 1961] . The ARM magnitudes predicted by this tensor were always very close to the ARM magnitudes observed [Bijaksana, 1991] , indicating that the ARM anisotropy is well described by a triaxial ellipsoid [McCabe et al., 1985] . The magnitudes and directions of the three principal axes of the anisotropy ellipsoid were calculated. (Their azimuthal orientation was approximated assuming that the declination of high coercivity natural remanence equals D in Table 1.) Table 2 particles in an assemblage can be estimated using a sample prepared by mixing the particles in a glue and aligning their long axes with a strong magnetic field while the glue hardens. This was done with magnetite particles in epoxy by Jackson et al. [1991] . We applied a similar method to five of our limestone specimens.
About 3 g of a limestone specimen was crushed and placed in a buffered (pH 4) acetic acid solution to dissolve the calcite. This dissolution method follows DSDP standard procedures that leave iron oxides unaltered [Freeman, 1986] . After calcite dissolution was complete, the remaining particles were washed and mixed with warm liquid gelatin which was allowed to set in a small plastic cup, producing a solid sample of about 12 cm • volume. The sample was given an anhysteretic remanence (as in the preceding that is stable to further dilution is used (Table 3) as an estimate of the ratio of ARM perpendicular and parallel to the long axes of the magnetic particles.
Susceptibility Hnisotropy
For each of our specimens, magnetic susceptibility was measured along six orientations (two measurements for each orientation) using a Bartington model MS2 susceptibility meter. Average volume susceptibility K is listed in Table 2 . A computer program (AMS-BAR, Morris Magnetics Inc.) was then used to calculate the magnitudes and directions of the three principal susceptibilities. Many specimens had a K too weak for anisotropy to be reliably determined; we rejected specimens with significantly more than 1% rms error (defined as the root-mean-square of the differences between rep_•.at measurements of the same matrix element divided by K). Results for the remaining 20 specimens are given in Table 4, Susceptibility anisotropy was measured after ARM anisotropy and hence may be affected by field-impressed susceptibility anisotropy [Potter and Stephenson, 1990 ]. Any such effect was evidently not great enough to change the basic shape of the susceptibility ellipsoid, which is strongly foliated in the bedding plane like the ARM ellipsoid.
DISCUSSION
Origin of the Natural Remanence
The natural remanence is probably carried by magnetite rather than hematite in all of our specimens. This follows from the ability of 90 mT or less to AF demagnetize the remanence. It is also consistent with the absence of red coloration and with the evidence of natural remanence carried by magnetite in all 10 specimens from site 462 that were thermally demagnetized by Steiner [1981] .
The magnetite grains are probably a few microns or less in diameter, judging by the typical sizes of other mineral grains seen with the scanning electron microscope. 'We would expect magnetite of this grain size to be pseudosingle-domain or single-domain [Dunlop, 1981] Tarduno [1990] by the AF demagnetization. Even if present, viscous remanence could not explain why inclination shallowing is observed in reversely as well as normally polarized sediments [Gordon, 1990] . Similarly, drill stem remanence as a cause of inclination shallowing is ruled out by a positive reversal test [Tarduno, 1990] . Delay in remanence acquisition coupled with the Pacific plate's northward drift could cause inclination shallowing [Gordon, 1990] . However, the observed inclination shallowing would require tens of millions of years delay (estimating drift rate from work by Zonenshain et al. [1987] ), whereas tens of thousands of years delay seems more typical of pDRM in deep-sea sediments [deMenocal et al., 1990] . Too large a portion of the Pacific plate shows inclination shallowing for the shallowing to be due to motion of this portion of the plate relative to the whole [Tarduno, 1990] . Inaccuracies in the APWP causing inclination shallowing would not explain the paleolatitude dependence of the shallowing [Tarduno, 1990] . Tarduno [1990] Comparison of ARM Anisotropy and Susceptibility Anisotropy ARM anisotropy should be better suited than susceptibility anisotropy for detecting or correcting inclination shallowing in our specimens. One reason is that ARM and natural remanence are carried by magnetite grains with similar coercivity spectra in all of our specimens. Mean destructive field Hsw for ARM (Table 2) lies within the range of coercivity used to estimate AI. In contrast, magnetic susceptibility is probably due preferentially to those magnetite grains of lowest coercivity. A second reason is that ARM in any single-domain magnetite grains present will not show the inverse anisotropy displayed by susceptibility in such grains [Rochette, 1988; Stephenson and Potter, 1989] . A third reason is that in the experiments of Kodama and Sun [1990] , ha increased steadily as compaction progressed, whereas htc either increased more erratically (when measured before ha) or showed little increase (when measured after ha). Finally, 40% of our specimens had too low a susceptibility for us to measure htc accurately with a Bartington MS2 susceptibility meter.
Because susceptibility anisotropy can be measured quickly [Rochette et al., 1992] , one might hope to use it in place of ARM anisotropy, but theory suggests that this cannot be done accurately. From the theory of Stephenson et al.
[1986] used earlier, it is easy to show that ---3po.
Hence we do not expect to accurately predict hA from hie, since this requires estimating po, which depends on the size and domain state of the magnetic grains and varies from 0.11 to 0.29 in our specimens (Table 4) .
Origin of the ARM Anisotropy
The ARM anisotropy of our specimens is strongly foliated in the horizontal bedding plane (ARMi•/ARMm•= 1.15 on average), but is only weakly lineated (•/ARM•t= 1.01 on average). This strong dominance of foliation over lineation implies that equidimensional magnetite grains are not contributing significantly to the ARM anisotropy of our specimens. Such grains have easy axes due to magnetocrystalline or stress-induced anisotropy [Hodych, 1990] . Only the Earth's magnetic field could align these easy axes, but it would produce an ARM anisotropy with lineation along the remanence direction rather than foliation in the bedding plane.
The ARM anisotropy in our specimens must be mainly due to magnetite grains with shape anisotropy, that is, to grains easiest to magnetize along their longest axes (where self-demagnetizing fields are weakest). Any preferred orientation of the longest axes acquired during deposition on the sea floor was probably erased by bioturbation. Hence we expect that most of the ARM anisotropy in our specimens was induced after deposition by sediment compaction that rotated magnetite grains so that their longest axes lie preferentially in the bedding plane [Ellwood, 1984] . Similar ARM foliation was produced perpendicular to compaction in the experiments of Kodama and Sun [1990] Table 3 ). The one exception is specimen 316-23-3-107, whose ARMx/ARM I has presumably been overestimated (perhaps because of incomplete alignment of magnetite grain long axes).
Can ARM Anisotropy Detect and Correct Inclination Shallowing ?
Jackson et al. [1991] suggested that (9) or, more generally, (12) should allow ARM anisotropy to be used to detect and correct for inclination shallowing in detrital remanence (including pDRM).
Equation ( Table 3 ). Equation (14) 
